The superposition principle plays the central role in interference phenomena in quantum mechanics. In a quantum mechanical picture, interference occurs because there are indistinguishable ways of an event to occur. Classically, one would not expect to observe interference from two temporally separated laser pulses. T o observe interference the two pulses, if coherent, must be brought back together in space. However, it is possible to observe interference effects for two-photon states generated by two laser pulses, which are temporally separated. In this work, we report a quantum interference experiment in which the interference occurs between amplitudes of two-photon states generated by two temporally well-separated laser pulses. The schematic of our experiment is shown in Fig. 1 . Theentangled photon pairs are generated by spontaneous parametric down conversion (SPDC) which is pumped by two laser pulses (140fsec) separated in time. The delay between the two pulses is about T = 670 fsec, which is much greater than the pump pulse width and the "wavepacket" width determined by the lOnm spectral filter used in front of the detectors. Figure 2 . Feynman diagrams for the two-pulse case. r-r(1st pulse) and t-t (2nd pulse) are indistinguishable in terms of the detectors firing times. Let us consider the case in which a sinele ourno Dulse is used for SPDC nrocess in the exnerimental setun I .
Figure 1. Schematic of the experiment.
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shown in Fig. 1 . There are two biphoton amplitudes, which could result in coincidence counts for this interferometer: both signal and idler are (1) transmitted (t-t). (2) reflected (r-r) at the beamsplitter. If the pump is CW, interference between t-t amplitude and r-r amplitude may occur. Due to the long coherence length of the pump, the two biphoton amplitudes t-t and r-r may be indistinguishable. However, when a short pulse pump is considered, we can, in principle, tell which path (t-t or r-r) the photon took to reach the detectors and contributed to coincidence counts by the detection time difference since the pump pulse acts as a clock. In other words, the 0-7803-5661-6 / 99 / $10.00 0 1999 IEEE TuG5 ICLEOVPacific Rim '99 I 59
Feynman alternatives, which originated from a single pulse are distinguishable. It is clear that no interference will he observed in this case. Suppose now we introduce a second pump pulse delayed in time T. In this two-pulse scheme, if the delay between the pump pulses is set in such a way that completely erases the which-path (t-t or r-r) information, we can observe two-photon interference. See Fig. 2 . When T = T, 2% =' TI, this condition is satisfied [I]. Hence the two-photon interference will occur between biphoton amplitudes: (I) r-r amplitude from the fir& pulse and (2) t-t amplitude from the setond pulse. The maximum visibility in the two-pulse pump case is found to be 50% (it can reach 100% in multi-pulse pump case [I]). It is usually understood that quantum phenomena show 100% maximum visibility while classical correlation of fields show 50% maximum visibility in fourth-order interference experiment (21. In our case, however, the maximum visibility is 50% although the interference is purely quantum mechanical in nature: it is due to the quantum entanglement.
In our experiment, we made use of type I1 collinear SPDC. In type I1 SPDC, an orthogonal polarized signalidler pair is generated in BBO crystal and propagates in the same direction. The interferometer consists of many quartz rods and plates, which introduce time delay between e and 0-ray.
We first performed polarization interference experiment while satisfying the condition: T = %,2% = TI. The coincidence counting rates showed 33% maximum visibility whilc both detectors showed almost constant counting rate when analyzers in front of the detectors were rotated. We also observed space-time interference. Again, the coincidence counting rate showed expected modulation (400nm period) while single counting rates of both detectors were almost constant as we changed the phase delay between the two pump pulses. This data is shown in Fig. 3 Figure 3 . Space-time interference showing dependence on pump phase. The modulation period is 400nm as expected. In conclusion, we have experimentally demonstrated the two-photon interference between hiphoton amplitudes arising from two well-separated pump pulses. It is important to note the following. 1) The pump pulse intensity was low enough so that single counting rates of the detectors were kept much smaller than pulse repetition rate: the probability of having one SPDC photon pair per pulse in our experiment is negligible. Hence the interference cannot be explained as two SPDC photons from two pump pulses (one SPDC photon pair from each pulse) interfering at the detectors. The two pump pulses simply provide two biphoton amplitudes which could result in coincidence counts, and interference occurs between these two biphoton amplitudes only when they are indistinguishable. 2) The BBO crystal in our experiment was only IOOWm thick, so the two-pulse did not exist in the BBO at the same time at any moment. 3) Due to the delays in the interferometer (7, Z,), the signalidler never met at the beamsplitter. Therefore, the existence of two-photon interference cannot be viewed as the interference between the signal and idler photons.
These three points again emphasize the fact that it is the indistinguishability of the two-photon Feynman alternatives for the biphoton amplitudes which is responsible for the two-photon quantum interference effects.
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